The properties of soaking water of some cereals under high temperature were determined, but limited information is available on chickpeas in the literature. Change in electrical conductivity, turbidity, color, and soluble solids content of soaking water of chickpeas were studied at 87, 92, and 97 • C without ultrasound, and with 25 kHz frequency and different ultrasound powers (100-300 W) for 260 min. Water absorption and color values of chickpea seeds were also studied during soaking. All the properties of soaking water and chickpea seeds were significantly (P < 0.05) affected by temperature, ultrasound treatment, and power of ultrasounds indicating leaching of some nutritional and anti-nutritional compounds. The moisture absorption rate of chickpeas increased with the increase of temperature and power of ultrasound, while color of chickpeas changed inversely with soaking water. Results showed that leaching and reabsorption of some nutritional compounds occur simultaneously and ultrasounds can be used to enhance cooking operations.
INTRODUCTION
The chickpea (Cicer arietinum L.) is one of the oldest and most widely consumed legumes in the world, particularly in tropical and subtropical areas. It constitutes an important part of human and livestock diets in many parts of the world due to desirable nutritional properties (protein, fat, carbohydrate, calcium, phosphorus, magnesium, iron, copper, zinc, sodium, potassium, folic acid, B vitamins, and ascorbic acid). [1, 2] The chickpea, like other legumes, is considered to be good for health due to its mutual compatibility for its properties in disease prevention, including cardiovascular diseases, diabetes, obesity, and possibly colon cancer. [1] Legumes are usually cooked before being used in the human diet to improve the protein quality by destruction or inactivation of the heat labile anti-nutritional factors. [3] Also, germination and pressure cooking processes decreased in their total phenolic content and antioxidant activity of pulses. [4] MATERIALS AND METHODS Certified chickpeas (inci) with initial moisture content of 11.58 % (d.b.) were obtained from Çukurova Agricultural Research Institute (Adana, Turkey) for this study. After removing foreign materials and damaged seeds, they were sieved to standardize the sizes, 7.5 to 9 mm. The average diameter was found to be 8.00 (±0.27) mm using digital micrometer (Mutitoyo No. 505-633, Japan).
Soaking/Cooking Operation
Chickpeas were soaked/cooked at 87, 92, 97 • C and atmospheric pressure without pre-soaking. When the temperature of the soaking water (2400 mL) reached these values, 400 g of chickpeas were placed in soaking chamber (ultrasonic [US] tank, Intersonik, Turkey) with and without 25 kHz 100-300 W ultrasounds. Twenty grams of chickpea (to keep 1:6 chickpea/water ratio) and 120 mL of soaking water samples were collected within 20 min intervals during the total 260 min of cooking operations. Soaking water samples were used to determine color (L * , a * , and b * values), turbidity (absorbance at 500 nm), soluble solids content (brix, g/g%), and electrical conductivity (mS/cm) at 25 • C. The chickpea seed samples were also used for color (L * , a * , and b * values) and water absorption (moisture content) determination. The procedure was repeated with 25 kHz 100 W (4 L, with acoustic energy densities [AED] of 0.025 W cm −3 ) and 25 kHz 300 W, 18 L (with AED of 0.017 W cm −3 ) ultrasonic applications. The temperature was kept constant by using a tubular cooler inserted into ultrasound tank. Diamentions of 4 L (25 kHz 100 W) and 18 L (25 kHz 300 W) volume capacity ultrasound tanks were 240 × 140 × 150 and 330 × 300 × 200 mm, respectively. Four and 18 L capacity ultrasonic tanks had 6, 12 probes (lead titanate) and 3, 6 transuders (piezoelectric crystals), respectively. Each ultrasonic probe was 60 mm in diameter and 75 mm in length. The ultrasonic tanks were operated intermittently ( Fig. 1 ).
Electrical Conductivity and Turbidity of Soaking Water
The electrical conductivity (mS cm −1 ) of the soaking water was measured using conductometer (WTW, LF-330, Germany) at 25 • C. Absorbances of the soaking water samples at 500 nm was measured using spectrophotometer (Pharmacia LKB-Novaspec II, UK) with deionized water as standard at 25 • C.
Colors of Soaking Water and Chickpea Seeds
Color (L * , a * , and b * ) of soaking water samples were measured using a Hunter Lab colorimeter (A60-1010-615, Colorflex, USA) at room temperature. The instrument was calibrated with a white standard tile (L o * = 93.01, a o * = -1.11 and b o * = 1.30). L * , a * , and b * , or CIELab, color space is an international standard for color measurements, adopted by the Commission Internationale d'Eclairage (CIE) in 1976. L * is the luminance or lightness component, which ranges from 0 to 100, a * (from green -120 to red +120), and b * (from blue -120 to yellow +120).
Soluble Solids Content of Soaking Water
Soluble solids content of soaking water samples were measured using Abbe-refractometer (Opton-F.G. Bode and Co., Germany) at room temperature (25 • C).
Moisture Content of Chickpea Seeds
The moisture contents of chickpea grains were determined in dry basis at 105 • C for 48 h using oven-drying method. [20] Average moisture content was subsequently calculated on a percentage dry basis (% d.b.).
Statistical Analysis
ANOVA and DUNCAN Multiple Range Tests, using SPSS version 16 (SPSS Inc., USA), at P < 0.05 were performed to determine effect of processing parameters. Graphs were plotted using Sigma PLOT 10 (Jandel Scientific, San Francisco, USA). The experiments were conducted in triplicate.
RESULTS AND DISCUSSION

Change in Electrical Conductivity of Soaking Water of Chickpeas with Temperature and Ultrasound Treatment
The presence of inorganic dissolved solids (electrolytes) such as nitrate, chloride, phosphate, and sulfate anions, or sodium, magnesium, calcium, iron, and aluminum cations affects on electrical conductivity of water. The major mineral components of chickpea are potassium, sodium, calcium, magnesium, sulfur, phosphorus, iron, cupper, and zinc. [21] Increase in cooking temperature (87 to 97 • C) of chickpea significantly (P < 0.05) increased electrical conductivity due to dissolved solids and electrolytes ( Fig. 2 ). As the cooking temperature was increased from 87 to 97 • C for 20 min and 120 min cooking, the electrical conductivity of soaking water increased from 1.66 (±0.08) to 2.78 (±0.08) and from 3.97 (±0.06) to 4.32 (±0.11) mS cm −1 , respectively. Similar trends observed for all other cooking times. Furthermore, increase in cooking time increased electrical conductivity of soaking water of chickpea due to leached materials into soaking water such as from 1.66 (±0.08) to 4.77 (±0.04) mS cm −1 at 87 • C for 20 and 260 min of cooking ( Fig. 2) .
When ultrasound treatments, 25 kHz 100 W and 25 kHz 300 W were applied to chickpeas during 80 min of cooking at 87 • C, the electrical conductivity increased significantly (P < 0.05) from 3.12 (±0.06) to 3.72 (±0.08) and 3.12 (±0.06) to 4.19 (±0.05) mS cm −1 , respectively, when compared to cooking without ultrasound treatment ( Fig. 2 ). Twenty-five kHz 100 W and 25 kHz 300 W ultrasounds at 87 • C exhibited 1.92-25.90% and 6.91-63.86% increase in the electrical conductivities of soaking water of chickpeas compared with and without ultrasound samples for 20-260 min, respectively. Increase in power of ultrasound (from 100 to 300 W) also exhibited a 4.87-30.14% increase in the electrical conductivity of soaking water of chickpea. Similar increase observed at other temperatures (92 and 97 • C). Results indicated that significant increase in leaching of electrolytes occurred with ultrasound treatment (25 kHz) and increase in the applied ultrasound power (100-300 W). Ultrasound may promote the leaching of electrolytes and soluble solids to soaking water due to cavitation and sponge effects on the chickpea. Ultrasound also could break cell structure, [22] and broken cells may provide more pathways for soluble solids and other soluble materials to leach out from chickpea.
Change in Turbidity of Soaking Water of Chickpeas with Temperature and Ultrasound Treatment
The degree of turbidity of the soaking water may be used to decide the re-use of the water for next soaking operation and to prevent environmental problems caused by discharging the water. Measured absorbances at 500 nm were used to determine the turbidity level. Turbidity (absorbance at 500 nm) of soaking water, that is an important parameter to follow cooking operations, caused by leaching of organic compounds, pigments, proteins, sugars, starch, and vitamins into the water during cooking. The turbidity of blank (deionized water) used in cooking operation was 0.019 (±0.002; absorbance at 500 nm).
Absorbance of soaking water was affected significantly by temperature (P < 0.05) during soaking ( Fig. 3) . Absorbance values were found to be 0.53 (±0.02), 0.68 (±0.02), and 0.72 (±0.01) at 87, 92, and 97 • C, respectively. The change in absorbance at low temperature (87 • C) was less than at 92 and 97 • C and this was due to the lower temperature effect on leaching.
When ultrasound treatments (25 kHz 100 W and 25 kHz 300 W) were applied to chickpeas during 260 min cooking at all temperatures (87, 92, and 97 • C) the turbidity of soaking water increased significantly (P < 0.05; 0.63 ± 0.01, 0.73 ± 0.02, 0.75 ± 0.01, 0.90 ± 0.03, 0.82 ± 0.04, 0.93 ± 0.01) compared the results of cooking without ultrasound treatments (0.53 ± 0.02, 0.68 ± 0.02, and 0.72 ± 0.02; Fig. 3 ). Twenty-five kHz 100 W and 25 kHz 300 W ultrasounds at 87, 92, and 97 • C exhibited 17.42-66.15% and 35.77-120.00%, 9.56-57.78% and 31.62-138.30%, 13.83-61.54% and 27.94-133.7% increase in the electrical conductivities of soaking water of chickpeas compared with without ultrasound samples for 20-260 min, respectively. Also, increase in power of ultrasounds (from 100 to 300 W) increased the turbidity of soaking water at 87 • C for 20-260 min cooking of chickpea (15.63-36.75%). Ultrasound treatment and power of ultrasound increased in the absorbance or turbidity of soaking water due to more cavitaion and sponge effect of sonication. The increase in turbidity value of soaking water of chickpea may be attributed to leaching of amylase, amylopectin, [23] and phosphate monoester derivatives, [24] and other soluble matererials. Effect of high-power ultrasound to enhance protein and sugar release from defatted soybean flakes was studied by Karki et al. [25] The study reported the increase in sugar and protein yield by 50 and 46%, respectively, when sonicated for 2 min at a high power level, i.e., 2.56 W/ml. The increase in yield was attributed to the cavitation phenomenon and resulting effect such as size reduction, increased mass, and heat transfer. An ultrasonic method for polysaccharide extraction from the herbal plant Salvia officinalis L. has been developed and increased yield by 18% relative to conventional polysaccharide extraction method. [26] Change in Soluble Solids (Brix) Content of Soaking Water of Chickpea with Temperature and Ultrasound Treatment
Leached solid for different grain products have been reported to be phytic acid, non-protein nitrogeneous compounds, sugars, minerals (Fe, Cu, Zn, Mn, P, Ca, Mg), pigments, starch, protein, water-soluble vitamins such as thiamine, riboflavin, and niacin. [6, 27, 28] The temperature, time, and ultrasound powers significantly affect the soluble solids content of the soaking water (P < 0.05; Fig. 4 ). Soluble solids content increased steadily until 260 min for 87, 92, and 97 • C cooking. The rate of the change of soluble solids content increased with the increase of cooking temperature. Soluble solids contens of soaking water were measured as 1.98 ± 0.06, 2.09 ± 0.10 and 2.21 ± 0.06 at 87, 92, and 97 • C for 120 min cooking, respectively. Similarly, at the end of cooking operation (i.e., 260 min), soluble solids contents were determined as 3.21 ± 0.06, 3.36 ± 0.07, and 3.41 ± 0.08 for 87, 92, and 97 • C, respectively. A 6.35% higher soluble solids content was obtained at 97 • C, when compared with 87 • C of soaking. These results parallel the results of Wang et al. [28] where cooking of soybean for 2 h resulted in a loss of 0.7-1.25% (total solids) as the temperature increased from 20 to 37 • C, the results of Kar et al. [29] on parboiling of dehusked rice where leaching losses ranged from 0.5 to 1.0% and the results of Bayram et al. [17] for 120 min soaking of soybean where soluble solids content changed from 0.50 to 2.30% when the temperature increased from 30 to 70 • C. The reported results were lower than the present study might be because of bran layers of grains.
Ultrasound treatment also affected on soluble solids content of soaking water of chickpea at 87, 92, and 97 • C during cooking. Soluble solids content and rate of change increased significantly (P < 0.05) with 25 kHz ultrasound treatment and ultrasound power (100 to 300 W) due to cavitaion and sponge effect of sonication on chickpea seeds (Fig. 4 ). This sponge effect may be attributed to leaching of more soluble solids to the soaking water. When compared with temperatures at 87, 92, and 97 high-power ultrasound was applied prior to protein extraction from defatted soybean flakes. [30] The energy released due to the collapse of cavitation bubbles promotes a higher penetration of the solvent into the cellular material and improves the mass transfer to and from the interfaces. [31−33] The benefit of using ultrasonic pretreatment before extracting oil from soybean and extracting carvone and limonene from caraway seeds have been reported. [34, 35] These improvements were again attributed mainly to destruction of the cell wall and increased cell permeability along with the effects of solvent vapor pressure and surface tension on cavitation intensity. The color (L * , a * , and b * values) of soaking water can be used to follow leaching of pigments and water-soluble vitamins. The main pigments of chickpea fall into the carotenoids class (β-carotene, cryptoxanthin, lutein, and zeaxanthin) [36] although often small amounts of chlorophyll are also present. Water-soluble vitamins in chickpea are thiamine, riboflavin, niacin, panthothenic acid, vitamin B 6 , folate, ascorbic acid. [37] More recent studies have shown that the ultrasonic disruption of buckwheat hulls for hemicelluloses components [38] and sugarcane bagasse for celluloses [39] accelerated the extraction process. The increase in hemi-cellulose extraction from sonicated buckwheat hull was attributed to the destruction of the cell wall and breakage of the links between lignin and hemicelluloses. [40] Ultrasound has also been used for the extraction of proteins and enzymes from the cells. [41−43] Increase in cooking temperature and time significantly (P < 0.05) increased the L * (lightness) value of soaking water due to leached materials especially chickpea starch (Fig. 5 ). Starch content of chickpea reported in the studies of Chavan et al. [2] and Jood et al. [44] Therefore, during cooking of chickpea starch might be leached to soaking water and enhanced to increase in L * value. Increase in cooking temperature from 87 to 97 • C at constant 120 min increased in L * values (lightness) of soaking water from 5.94 ± 0.08 to 7.78 ± 0.12 (Fig. 5 ). The L * value at 87 • C increased from 2.06 ± 0.09 to 10.44 ± 0.08 during 260 min cooking. Same trend was observed for 92 and 97 • C that it reached to 10.70 ± 0.12 and 10.85 ± 0.13 during 260 min cooking. But, increase in cooking time (0 to 260 min) and temperature (87 to 97 • C) decreased (P < 0.05) L * value of chickpea seeds in contrast to L * value of soaking water (Fig. 5) . Increase in cooking time from 0 to 260 min decreased lightness (L * ) of chickpea from 55.43 ± 0.05 (L * value of uncooked chickpea) to 46.72 ± 0.17 at 97 • C.
The change in a * value of soaking water and chickpea seeds for different time and temperatures are illustrated in Fig. 6 . Increase in cooking time and temperature affected to a * value of soaking water and chickpea seeds. Increase in cooking time of chickpea from 20 to 260 min at 87 • C changed a * value of soaking water from -0.40 ± 0.14 to 0.81 ± 0.08.This means that color of soaking water was changed from green to red color during soaking. Green color of soaking water resulted from disolving of chlorophyll from chickpea seed to water phase. After 220 min cooking at 87 • C, the color of soaking water was changed from green to red (-0.40 ± 0.14 to 0.61 ± 0.10), likely due to more carotenoids destruction. Similarly, the values of a * value of soaking water were changed from -0.36 ± 0.10 to 0.48 ± 0.11 in 160 min at 92 • C and from -0.26 ± 0.12 to 0.55 ± 0.14 in 140 min at 97 • C, respectively. The color of soaking water was green (-a * ) and this was due to leaching of chlorophyll pigments at the beginning of cooking operation, while it changed to red (+a * ) at the end of cooking due to destruction of carotenoids. Increase in cooking time (20 to 260 min) and temperature (87 to 97 • C) also increased a * value from 10.06 ± 0.07 to 11.49 ± 0.32 and from 11.03 ± 0.05 to 11.89 ± 0.09 of chickpea seed due to the browning and caramelization reactions that occurred in chickpea.
The b * value (yellowness) of soaking water significantly (P < 0.05) increased with the increase in both cooking time and temperature ( Fig. 7) . At the end of cooking process, the yellowness (b * ) of soaking water was 7.42 (±0.08), 8.43 (±0.06), and 8.97 (±0.02) at 87, 92, and 97 • C, respectively. This increase in the yellowness can be explained as the leaching of yellow color pigments and vitamins by the effect of temperature in addition to loss of the greenness in soaking water. Futhermore, carotenoids (nearly red pigments which are non-polar and water-insoluble) that are found in chickpeas were not solubilized in soaking water at the early cooking times. Noisuwan et al. [45] showed that only a very small amount of starch (1.2%) leached during the initial stages of gelatinization, and that the leached starch includes both amylose and amylopectin.
The b * value (yellowness) of chickpea seed increased slightly during cooking and was affected by cooking time and temperature, significantly (P < 0.05; Fig. 7 ). Increase in b * value might be explained as the degradation of red pigments into yellow color and yellowish pigments and vitamins participate in chickpea. b * value of chickpea seed had a maximum value (31.0331.03 ± 0.08) at 97 • C for 260 min cooking. This can be explained as the effect of temperature on the gelation of the protein at 87, 92, and 97 • C and it might affect the appearance and firmness or existence of the degradation of yellowish pigments at this temperature, proportionally.
The color (L * , a * , and b * values) of soaking water of chickpea were changed with ultrasound treatment and power of ultrasounds (100 to 300 W; Figs. 5-7) . L * value of soaking water during 260 min at 87 • C was increased from 10.44 (±0.04) to 10 [13] Akinyele and Akinlosotu, [46] and Somiari and Balogh [47] reported that change in color value (L * , a * , and b * ) of legumes/chickpea during soaking and cooking was due to dissolved solids and oligosaccharides such as verbascose, raffinose, and stachyose. Change of color values might be due to mass transfer (leaching) [12,13,48−51] and some reactions such as browning. If the particles subjected to sonication are grains in water then some destruction of surface "shell" and grain fragmentation would be anticipated. Both of these effects would result in a faster release of starch during soaking/cooking. [11] Thermosonication increased the water absorption during soaking operation of chickpea, [14, 15, 17] changed in both color of soaking water and chickpea, leaching and reabsorption of some nutritional compounds might be occur simultaneously due to sponge effect and cavitation of ultrasounic pressure.
Change in Water Absorption of Chickpea with Temperature and Ultrasound Treatment
Seeds are usually soaked before cooking. The most important property for soaking of chickpeas is the moisture content to achieve the proper cooking operation. Understanding water absorption in legumes during soaking is of practical importance since it affects subsequent processing operations and the quality of the final product.
Acoustic energy causes oscillating velocities and micro streaming at the interfaces which may affect the diffusion boundary layer. Ultrasonic waves also produce rapid series of alternative contractions and expansions (sponge effect) of the material in which they are traveling; this alternating stress creates microscopic channels, which may make the moisture gain easier. In addition, acoustic waves may produce cavitations of water molecules inside the solid matrix, which may be beneficial for the gain of strongly attached moisture. [52, 53] The moisture content (% g/g, d.b.) of chickpea during soaking were significantly (P < 0.05) increased as the temperature and power of ultrasounds increased due to water absorption (Fig. 8 ). Rate of increase in moisture content was higher during the early stage of soaking, whereas lower in the late soaking periods because of approaching the saturation. Chickpea's water adsorption curves were illustrated in Fig. 8, and are characterized by an initial phase of rapid water pickup followed by an equilibrium phase, during which the chickpea approaches its full soaking capacity. Results indicated that increasing soaking temperature enhanced water pickup in the initial phase, increasing the slope of the water absorption curve, thereby leading to faster attainment of the equilibrium phase, and this was in agreement with previously published data. [54] The behavior of material during moisture absorption depends on the heat and mass transfer characteristics of the product. [55] The effects of ultrasounds on water absorption of chickpeas were illustrated in Fig. 8 . Application of 25 kHz 100 W ultrasound significantly (P < 0.05) increased the water absorption of chickpea for all temperatures (87-97 • C) due to sponge effect of sonication, and to promote more mass transfer from soaking water to chickpea. The moisture content (%, d.b.) values of chickpea were found to be increased from 126.4 ± 0.35 to 139.2 ± 0.11% (d.b) (a 10.13% increase), when the 25 kHz 100 W ultrasound was applied at 87 • C and 120 min soaking. Increase in power of ultrasounds (from 100 to 300 W) also further significantly (P < 0.05) increased the moisture content (from 139.2 ± 0.11 to 148.9 ± 0.26 % d.b.; a 7% increase) of chickpeas during 87 • C and 120 min soaking. Twenty-five kHz 100 W ultrasound at 92 • C exhibited a 4.54-11.54% increase in moisture content of chickpeas compared with and without ultrasound samples for 20-260 min. Also, the power of ultrasound (100-300 W) exhibited a 3.48-18.56% increase in moisture content of samples for the same soaking time and temperature. Similar increase in the rate of moisture content was found at the other temperatures (87 and 97 • C) for the same period of soaking. Water absorption rates of chickpea significantly increased (P < 0.05) with increasing of soaking time, temperature, and power of ultrasound (100-300 W). Ultrasound treatment and power of ultrasound increased the water absorption during the soaking operation of the chickpeas. [14, 15, 17] The mechanical effects of ultrasound provide a greater penetration of water into cellular materials and improve mass transfer.
CONCLUSIONS
Soaking temperature, ultrasound, and power of ultrasounds (100 to 300 W) significantly (P < 0.05) affected the electrical conductivity, turbidity, and soluble solids content of soaking water of chickpeas during cooking due to dissolved solids, electrolytes such as organic compounds, pigments, protein, sugars, starch, vitamins, etc., leaching into the water. Soluble solids content might be used to correlate the overall soluble solids content (organic substances, pigment, minerals, vitamins, etc.). During cooking, color of soaking water, and chickpea seeds changed at each temperature with ultrasound treatment and increase in power of ultrasound due to the coloring compounds and starch leached into water. Hydration rate of chickpea significantly increased (P < 0.05) with increasing of temperature and power of ultrasound (100-300 W). Leaching and reabsorption of some nutritional compounds might be occur simultaneously. Chickpea soaking water properties that measured with simple techniques may be used to follow cooking process. Soaking water of chickpea which contain nutritional compounds may be used in food formulas such as biscuits, crackers, etc. Also, this study showed that ultrasounds can be used as a treatment to decrease the cooking time of chickpeas and to increase mass transfer due to sponge effect of sonication.
